Addresses
Hypokalaemic rhabdomyolysis is unusual, but the association between hypokalaemia and rhabdomyolysis can be overlooked if intracellular potassium leakage normalizes serum potassium by the time of presentation. This report describes a patient who presented with severe pain due to non-traumatic rhabdomyolysis and was found to have serum potassium of 1.4 mmol/L; magnesium 0.40 mmol/L; phosphate 1.40 mmol/L; adjusted calcium 1.87 mmol/L and creatine kinase 6421 U/ L. In this case, intervention occurred before rhabdomyolysis could progress to the stage at which serum potassium may have self-corrected. This patient's hypokalaemia was at first refractory to treatment with potassium chloride, possibly due to coexisting magnesium deficiency. Initially, the patient denied alcohol abuse, but later admitted alcohol misuse prior to withdrawal three days before presentation. Hypokalaemia is associated with alcohol misuse, but abrupt withdrawal may exacerbate hypokalaemia and hypomagnesaemia. Acute or chronic myopathy is common in alcoholics due to alcohol toxicity and paradoxically the risk of rhabdomyolysis may be increased during periods of abrupt alcohol withdrawal. 
Case report
A 46-year-old Caucasian woman was brought to the emergency department. Her appearance suggested self-neglect and she had taken four paracetamol tablets with brandy 2 or 3 h previously to relieve neck pain. She was discharged, but was seen again the following day with severe pain in her back and legs, and was unable to stand or walk. The pain had begun two days earlier, but during the night she became too weak to climb stairs. Blood pressure was normal (110/ 50 mmHg), heart rate was 90 beats/min and she was afebrile. Neurological examination revealed decreased muscle bulk with normal tone in all four limbs. There was mild (MRC 4 þ) weakness of hip £exors and knee extensors. Plantars were £exor with normal deep tendon re£exes. (There were no sensory anomalies or fasciculation and anal tone was good.) Muscle tenderness was present in both lower limbs. The patient denied any trauma or fall, and no evidence of any injury could be found.
Two years ago, she had taken an overdose of amitriptyline and alcohol. Since then she had been unemployed and was ¢nding it increasingly di⁄cult to cope with her demented mother with whom she lived. She denied current alcohol or substance abuse. Her general practitioner con¢rmed that she was on no prescribed medication, but that she had a history of alcohol abuse.
Laboratory findings
Laboratory investigations revealed hypokalaemic alkalosis (pH 7.53, [H þ ] 29 nmol/L). Serum potassium was 1.4 mmol/L, magnesium 0.40 mmol/L, adjusted calcium 1.87 mmol/L and creatine kinase (CK) 6451 U/L with myoglobinuria. Hypokalaemia was associated with prolonged QT interval on electrocardiograph. Serum sodium, creatinine, glucose and phosphate were normal. Liver function tests (LFTs) showed a hepatitic pattern with macrocytosis (Table 1) . A diagnosis of rhabdomyolysis was made.
Potassium and magnesium supplementation (oral and intravenous) was initiated. Calcium supplements, tramadol and trimethoprim, were also given. Serum magnesium stabilized quickly, but hypokalaemia redeveloped each time oral potassium was stopped. Serum CK continued to rise, reaching a peak of 8191 U/L on day 3 and normalized after 10 days in parallel with clinical improvement and potassium stabilization ( Figure 1 ). The patient began to walk after four days. After two weeks the pain resolved, and she was fully mobile. She was discharged, but two weeks later hypokalaemia (2.2 mmol/L) redeveloped despite 528 mmol potassium and 40 mmol magnesium supplements. She was readmitted. Urine potassium excretion was low (6 mmol/day) at the time of readmission, suggesting that she was still not potassium replete.
Progress
Oral potassium supplementation recommenced. During a psychiatric assessment, the patient admitted to previous excessive alcohol consumption, but insisted this had stopped three days prior to her admission. A com-puted tomography (CT) scan and ultrasound showed liver enlargement with fatty changes, and LFTs were consistent with excess alcohol use. Viral hepatitis serology was negative as were autoantibody studies. She was discharged with vitamin and high calorie food supplements together with mirtazapine (recommended by psychiatrist). Over the next nine months, she gained 15 kg in weight to reach 54 kg. At that time, liver enzymes had resolved, and serum potassium was normal.
Discussion

Hypokalaemic rhabdomyolysis
Although there are many causes of rhabdomyolysis, hypokalaemia increases the likelihood of its development. 1 A suggested mechanism is that hypokalaemia causes muscle ischaemia, which leads to changes in permeability of the sarcolemma. 2 This patient was severely de¢cient in potassium. Her symptoms and serum CK resolved only after stabilization of serum potassium. Electromyography performed just before her ¢rst discharge found no evidence of any established neuropathy or myopathic process. Therefore, it is likely that her rhabdomyolysis was triggered by hypokalaemia.
Investigating the cause of severe hypokalaemia
The cause of this patient's hypokalaemia and hypomagnesaemia was initially unclear. She was not hypertensive or on prescribed medication. Her claim that she had not taken laxatives or diuretics was supported by a negative urine-screening test for commonly used laxatives and diuretics. No urine potassium measurement was available on her ¢rst admission, but 24 h excretion on day 13 and on readmission was low (20 and 6 mmol/day, respectively).
Hypokalaemic myopathy without hypomagnesaemia has been reported in association with non-steroidal anti-in£ammatory drug abuse 3 and also with excessive liquorice consumption, 4,5 both of which the patient denied. Normal plasma renin and aldosterone measurements excluded Gitelman's 6 and Bartter's 7 syndromes. There was no previous history of muscle weakness, therefore, a hereditary condition was considered unlikely. Normal thyroid function tests excluded hypokalaemia of thyrotoxicosis. 8 The patient was underweight (39 kg, body mass index [BMI] 17 kg/ m 2 ) and had had two brief episodes of watery diarrhoea. She was undernourished, but she denied prolonged vomiting or diarrhoea, so this alone was considered an unlikely cause. 9
Alcohol abuse/withdrawal, hypokalaemia and hypomagnesaemia
Hypokalaemia with hypomagnesaemia is associated with alcohol abuse 10 and may be exacerbated by alcohol withdrawal. 11, 12 One study 13 demonstrated a fall in serum magnesium preceding that of potassium by one day during withdrawal. Although alcohol-related hypokalaemia may be caused or exacerbated by diarrhoea and vomiting, another possible mechanism is transcellular shift due to development of hyperadrenergic state during periods of withdrawal. 9 Hypomagnesaemia may result from increased lipolysis and binding of magnesium to free fatty acids. 6 The direct e¡ects of alcohol toxicity cause acute or chronic alcoholic myopathy, 14 but another form of acute alcoholic myopathy associated with hypokalaemia has been recognized. 15 It has been suggested that the contribution of hypokalaemia to alcoholic myopathy has been underestimated, 15, 16 particularly as intracellular potassium leakage during rhabdomyolysis may result in normal serum potassium. It is probable that rhabdomyolysis in this patient was triggered by severe hypokalaemia due to a combination of poor diet, diarrhoea and alcohol misuse.
Conclusions
Hypokalaemic rhabdomyolysis is unusual, but may not be recognized as intracellular potassium leakage can mask pre-existing hypokalaemia if presentation is delayed. In this case, the patient received treatment before rhabdomyolysis progressed su⁄ciently to normalize serum potassium concentration.
Establishing the cause of hypokalaemia is di⁄cult if a reliable medical history cannot readily be obtained. Hypokalaemia associated with hypomagnesaemia is an occasional feature of alcohol misuse and withdrawal, potentially increasing the risk of rhabdomyolysis. This possibility should be considered when patients present with non-traumatic muscle pain or weakness, particularly if there are other suggestive signs. These patients may require potassium supplements for several weeks in addition to magnesium replacement.
